Synthesis and Characterization of Monolithic Titania/Nanoclay Nanocomposite Aerogels  by Zirakjou, A. et al.
 Procedia Materials Science  11 ( 2015 )  548 – 552 
Available online at www.sciencedirect.com
2211-8128 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of UFGNSM15
doi: 10.1016/j.mspro.2015.11.054 
ScienceDirect
5th International Biennial Conference on Ultrafine Grained and Nanostructured Materials, 
UFGNSM15 
Synthesis and Characterization of Monolithic Titania/nanoclay 
Nanocomposite Aerogels 
A. Zirakjoua, R. Mehdinavaz Aghdamb,*, F. Pashaei Soorbaghic 
aNanomaterials Group, Materials Engineering Department, Tarbiat Modares University, P.O. Box 14115-143, Tehran, Islamic Republic of Iran 
bNanotechnology Department, Space Transportation Research Institute, Tehran, Islamic Republic of Iran 
cPolymer Engineering Department, Faculty of Chemical Engineering, Tarbiat Modares University, P.O. Box 14115-114, Tehran, Islamic 
Republic of Iran 
Abstract 
Titania aerogels are three-dimensional nanostructures with high specific surface area, very low density and high porosity. They 
have been used extensively as photocatalysts. In this work, novel monolithic titania/nanoclay nanocomposite aerogels were 
synthesized. The nanocomposite aerogels at different loading levels (1, 2 and 3 wt. % nanoclay based on monomer content in the 
sol) were synthesized by sol-gel process and dried with supercritical carbon dioxide drying method. By increasing the amount of 
nanoclay in the composition, the monolithic shape of all aerogel samples was preserved. The porosities of the as-prepared 
nanocomposite aerogels were more than 96%, while densities were below 0.159 gr/cm3. X-ray Diffractometry (XRD) results 
indicated that all nanocomposite aerogel samples showed exfoliated morphology and the presence of crystalline phase in heat 
treated titania/clay aerogels. In addition, FE-SEM (Field Emission Scanning Electron Microscopy) images demonstrated 
nanoporous structure for both titania and nanocopmposite aerogels. These results confirmed the potential properties of the 
titania/nanoclay nanocomposite prepared in this study for high-performance photocatalytic application. 
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1. Introduction 
Aerogels are nanoporous materials with high surface area (500-1000 m2 g-1), high porosity (80-99.8%), low bulk 
density (0.003-0.8 g cm-3) and small pore size, Kanamori (2013), Soleimani Dorcheh l. (2008). The first aerogel was 
invented by Steven. S. kistler, Kistler (1931). Titania nanomaterials are good candidates for applications such as 
semiconductors, photocatalysts and catalysts supports. They have been studied in the past two decades, Linsebigler et 
al. (1995), Chen and Mao et al. (2007), Hoffmann et al.  (1995). Photocatalytic activity of titania are strongly 
dependent on the crystal structure, crystallite size, and porosity, Guo et al. (2005). By adding clay to titania, 
photocatalytic property of this materials are enhanced,  Kun et al. (2006), Yang et al. (2013), Kameshima et al. (2009), 
Chen et al. (2012). Ding and et al. (1999) found that supercritical CO2 drying has great advantages over other drying 
methods in producing both high micropore surface areas, external surface areas, and ultra-fine anatase crystallites, 
Ding et al. (1999). These materials are used as photodecomposition of environmental contaminants such as organic 
dyes and pesticides, Yang et al. (2015). Many researchers have reported the fabrication of titania/nanoclay composite 
powders, Kun et al. (2006), Kameshima et al. (2009), Zhao et al. (2007), thin films, Guo et al. (2005) and porous 
materials, Yang et al. (2015). To the best of our knowledge, supercritical preparation of monolithic TiO2/nanoclay 
nanocomposite aerogels have not been reported. In this work, pure and nanocomposite aerogels were fabricated by 
sol-gel process followed by supercritical CO2 drying. In addition, the morphology, the porosity and the microstructures 
of these samples were investigated. 
2. Experimental 
2.1. Material 
Titanium (IV) isopropoxide (TTIP) was purchased from Sigma Aldrich co. Isopropanol, n-hexane and 65 wt% 
aqueous solution of nitric acid (HNO3), distilled water were acquired from Merck. Organically modified 
montmorillonite (Cloisite 30B) with cation exchange capacity (CEC) of 90-95 meq/100 g was obtained from Southern 
Clay Products. 
2.2. Preparation 
Cloisite 30B was soaked for 24 hours at 60Ԩ in a mixture of isopropanol and water to induce appropriate swelling. 
The concentration of Cloisite 30B were 1, 2 and 3 wt% (based on monomer content in the sol). In order to delay the 
hydrolysis reactions of tetraisopropyl orthotitanate (TTIP) with water by sol-gel method, it was dissolved in half the 
volume of isopropanol (solution A) and also the distilled water and Cloisite 30B were diluted in half the volume of 
isopropanol (solution B). Then, solution A was added gradually to solution B. Nitric acid was added dropwise to this 
mixture. The combination was stirred using magnetic stirring at room temperature for 3 min. The molar ratios of 
TTIP:isopropanol:H20:HNO3 were 1:20:4:0.86. The resultant sol was poured into mould. The obtained monolithic wet 
gels were aged for 24 hours at 60Ԩ. They were successively washed by isopropanol and n-hexane. Wet gels were 
dried by homemade supercritical CO2 drier. Then, they were calcined at 550Ԩ in air atmosphere furnace at a heating 
rate of 2Ԩ/min. 
2.3. Characterization 
The structural morphology of titania/cloisite 30B nanocomposite aerogels was characterized using XRD method. 
The XRD experiments were done using Philips diffractometer (X’Pert MPD, Netherland). Field emission scanning 
electron microscopy (FE-SEM Zeiss SigmaVP, Germany) was employed to evaluate effect of nanoclay on 
microstructure of titania aerogel. 
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3. Result & Discussion  
3.1. Porosity 
Table 1 shows the bulk density, the true density and the porosity of as-prepared pure and nanocomposite titania 
aerogels. The weights and physical dimensions of the samples were determined by digital balances and digital caliper, 
                                     Table 1.  Bulk density, true density, and porosity of as-prepared pure and nanocomposite titania aerogel 
Sample ࣋ba ࣋tb Porosity (%)c 
Titania 0.1590 4.2300 96.23 
Titania-1%Cloisite 30B 01540 4.2075 96.33 
Titania-2%Cloisite 30B 0.1519 4.1850 96.37 
Titania-3%Cloisite 30B 0.1499 4.1625 96.39 





a b v v c porosity
v
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Note: 
1U = titania (rutile) density, 2U = Cloisite 30B (OMMT) density, 1v = titania volume 
fraction, 
2v = Cloisite 30B volume fraction 
respectively. These results showed that the porosity and the density of aerogels were not changed significantly in 
presence of OMMT. 
3.2. Morphology 
XRD was applied to study the crystalline phase of titania/clay samples after heat-treatment at 550Ԩ (Fig. 1a). The 
peaks with 2ߠ values of 25.28°, 36.94°, 37.80°, 38.57°, 48.05°, 53.89°, 55.06°, 62.12°, 62.69°, 68.76°, 70.31°, 74.03°, 
75.03°, 76.02° correspond to the crystal planes of (1 0 1), (1 0 3), (0 0 4), (1 1 2), (2 0 0), (1 0 5), (2 1 1), (2 1 3), (2 0 
4), (1 1 6), (2 2 0), (1 0 7), (2 1 5), (3 01), respectively. It confirms the anatase crystalline phase. Figure 1.b shows the 
comparative low angle XRD patterns of OMMT nanoclay and nanocomposite aerogels containing 1, 2, 3 wt% of 
OMMT. The diffraction peak at about 2ߠ=5.63ι corresponding to the d-spacing001 1.57 nm, are attributed to diffraction 
of OMMT. However, for all nanocomposite aerogels, the diffraction peaks were lost in these preparation condition. 


















Fig. 1. (a) wide angle X-ray diffraction pattern of titania-3%Cloisite 30B aerogel at 550Ԩ; (b) low angle X-ray diffraction patterns of titania/Clay 
aerogels by different loading level of Cloisite 30B. 
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3.3. Microstructure 
Figure 2 shows the FE-SEM images of aerogels at different loading level of Cloisite 30B (OMMT). Titania aerogel  
 
Table 2. The average size of particles by different loading level of Cloisite 30B 
Sample Average particles size(nm), (STD) 
Titania 24(5) 
Titania-1%Cloisite 30B 22(5) 
Titania-2%Cloisite 30B 24(5) 
Titania-3%Cloisite 30B 28(5) 
 
has a pearl-necklace network structure. By increasing amount of nanoclay in the composition, the nanometric 
microstructure of all nanocomposite aerogels was preserved. Furthermore, the average particle size not significantly 
altered. The particle size was determined by AxioVision software for 100 particles. The average particle size of each 
sample is reported in table 2. 
 
 
Fig. 2. Field Emission Scanning electron microscopy of titania aerogels by different loading level of Cloisite 30B (a) pure; (b) 1%; (c) 2%; (d) 
3%. 
4. Conclusion 
In this report, novel monolithic TiO2/nanoclay nanocomposite aerogels were fabricated successfully by the sol–gel 
method, followed by supercritical CO2 drying. XRD results demonstrated that all nanocomposite aerogel samples 
showed exfoliated morphology and the presence of crystalline anatase phase in heat treated titania/clay aerogels.    
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FE-SEM images show that colloidal microstructure of aerogels was preserved by addition of clay. Also, the average 
particle size did not significantly change. The porosity of the as-prepared nanocomposite aerogels were more than 
96%, while the density was below 0.159 gr/cm3. According to these results, these nanocomposite are good candidate 
for high-performance photocatalysis application. 
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